A new and effective approach toward epoxide opening of a 7,17-seco-7,8-epoxy-C 19 -diterpenoid alkaloid is herein described. The starting epoxide was prepared from naturally occurring yunnaconitine via a nine-step transformation. Treatment of this epoxide with trifluoroacetic anhydride in dioxane at 110 o C followed by reduction with sodium boron hydride generated two epoxide opening compounds 7 and 8. Each of their structures is characteristic of a Δ 8,15 bridgehead double bond and a 7β-oxygen-substituted group.
Numerous C 19 -diterpenoid alkaloids have been isolated from a variety of Aconitum and Delphinium (Ranunculaceae). Certain species have long been used as traditional Chinese medicines for the treatment of various diseases [1] [2] . It has been demonstrated that C 19 -diterpenoid alkaloids exhibited a plethora of biological activities [3] [4] . We started to develop conversional synthesis of taxoids starting from C 19 -diterpenoid alkaloids since early 1990s. During the course, several novel approaches to the taxane ABC ring system and numerous intriguing reactions of C 19 -diterpenoid alkaloids have been reported [5] [6] [7] [8] [9] [10] [11] [12] [13] . We have found that modifications of ring B, including cleavage of C7-C17, enlargement of ring B, functionalization of C-7 and C-8 for assembly of the Δ 8,15 bridgehead double bond, and introduction of functional groups with specific configurations, were part of the critical steps to our successful conversions from aconitine-type C 19 -diterpenoid alkaloids [5] [6] [7] to the core structure of taxoids. During the B-ring modifications of yunnacotinine [11] , an efficient and convenient approach to the 7,8-epoxide opening was found. We herein describe this epoxide-opening reaction, together with the structure characterization of the novel C 19 -diterpenoid alkaloid derivatives resulted from this reaction.
Naturally occurring yunnaconitine (1) was readily converted to its derivative 2 through a six-step procedure in 80% overall yield according to the procedure as previously described by us [7] . In hope to facilitate the functionalization of C-7 and C-8, the C7-C17 bond in alkaloid 2 was cleaved by reacting with thionyl chloride in benzene followed by reducing with NaBH 4 to furnish compound 3 ( Figure 1) [7] . The oxygenated groups at C-7 and C-8 was desired for the construction of the Δ 8,15 bridgehead double bond in taxoid ABC ring system. Several attempts to introduce oxygenated groups at C-7 and C-8 were unfortunately failed. For example, addition of the Δ 7,8 double bond in 3 through oxymercuration reaction did not occurred. The attempted addition with HOBr or Br 2 was also not successful probably due to the participation of the nitrogen atom. Dihydroxylation of 7,17-seco-diterpenoid alkaloid 3 produced expected 7,8-oxygenated alkaloid 4. As compared with 3, the NMR spectra of 4 showed the absence of the Δ 7,8 double bond as well as an acetyl group, and the presence of two additional oxygenated carbons (  3.75 d and  C 71.3 d for a tertiary carbon;  C 76.0 s for a quaternary carbon), indicating the structure of compound 4 as described in Figure 1 . However, we had to give up this synthetic method due to the extremely low yield of 4. In order to avoid the possible oxidation of nitrogen and subsequently to improve the yield, acidic conditions were selected for the epoxidation of alkaloid 3. Exposure of compound 3 to 30% H 2 O 2 in formic acid for 2 h generated epoxides 5 (59%) and 6 (10%). The molecular formulas of compounds 5 and 6 (C 30 H 45 NO 11 and C 30 H 45 NO 10 ) were determined by their HR-MS data. In the NMR spectra of 6, the signals for the Δ 7,8 double bond disappeared while the characteristic signals at δ H 3.75 (1H, d, J = 8.8 Hz), and δ C 65.6 d and 60.4 s were observed. Compound 5 possesses the same unsaturated degree as 6, but with 16 more mass units as compared with 6 as determined by their mass spectra, indicating that epoxide 5 is the N-oxidation derivative of 6. The NMR spectra of 5 exhibited characteristic signals at   1.61 (3H, t, J = 7.0 Hz) and  C 8.7 q for an N-ethyl group [14] . The comparison of the 13 C-NMR spectra of 5 and 6 showed different values at C-1, C-2, and C-3, especially at C-17, C-19, C-21, and C-22, due to the N-oxidation effect [14] . This led to the determination of the structure for epoxide 5. Treatment of 3 with an excess mCPBA in HOAc-H 2 O (1:1) under refluxing conditions also afforded compound 5 in 71% yield. Considering that the nitrogen oxidation was inevitable and that attempt to reduce 5 into 6 failed, epoxide 5 was directly used as a substrate for the subsequent epoxide ringopening reaction. We attempted to treat 5 with acid activated silica gel or various kinds of acids (98% formic acid, 20% H 2 SO 4 and trifluoroacetic acid etc.) respectively, but no reactions occurred in such cases. An acetic anhydride instead of acids was used in the reaction, resulting in an unidentified product. We then tried to use trifluoroacetic anhydride which yielded two inseparable, highly polar products. The 1 H NMR spectrum of the crude product suggested that they are the corresponding iminium salts containing the Δ 8,15 double bond. Without further purification, the crude product was directly reduced with NaBH 4 in MeOH, leading to two expected 7-oxygenated-7,17-seco-diterpenoid alkaloids 7 and 8. The molecular formulas for these two desired products are C 30 H 45 NO 10 for a trisubstituted double bond. This double bond was attributed to C-8 and C-15 due to the multi-bond 1 H-13 C correlations of H-15 with C-8, C-9, C-13 and C-16 in its HMBC spectrum. In the NMR spectra of 7, in addition to the distinctive upfield shifts of C-17, C-19, and C-21, the chemical shifts for N-ethyl group at   0.98 (3H, t, J = 6.8 Hz) and  C 12.1 q were also greatly changed as compared with those of 5, suggesting that the N-oxide in 5 has been reduced back to tertiary amine. The structure of 7 was confirmed by its 2D NMR data, as shown in Table 1 . The NMR spectra of 8 are very similar to those of 7, except for the existence of signals for an additional trifluoroacetyl group. The structure of 8 was thus determined as illustrated in Figure 1 . The plausible mechanism for the formation of 7-oxygenated compounds 7 and 8 was proposed. Polonovski-like process can produce a pair of regioisomeric immonium salts B and C. Reduction of immonium salts may yield compound 7 while reduction of the immonium salts followed by acylation may generate compound 8. In conclusion, a convenient and effective epoxide-opening method of 7,17-seco-7,8-epoxy-C 19 -diterpenoid alkaloid was found. The products 7 and 8 achieved from this study serve as critical intermediates for the assembly of a taxoid ring system bearing a Δ 8,15 bridgehead double bond and an oxygenated group at 7β position. Higher reactivity of trifluoroacetic anhydride and the rigid structure of the C 19 -diterpenoid alkaloid derivatives may be the main reasons for the formation of products 7 and 8 with the Δ 8,15 bridgehead double bond and with the hydroxyl group at the 7β position.
Experimental
General: Melting points were determined on a Kofler block (uncorrected); IR spectra were recorded on a Nicolet FT-IR 200 SXV spectrometer; Optical rotations were measured in a 1.0-dm cell by a PE-314 polarimeter at 20 ± 1 °C; 1 H-and 13 
Compound 5 and 6:
A solution of compound 3 (135 mg, 0.24 mmol) in HCOOH (3 mL) was cooled in an ice-water bath, and 30% H 2 O 2 (2 mL) was added dropwise. After stirring for 10 min, the mixture was allowed to warm to room temperature and stirred for 2 h. After pouring into ice water (5 mL), the solution was basified with conc. NH 4 OH to pH 10. The aqueous layer was extracted with CHCl 3 (8 mL×3). The combined extracts were dried (Na 2 SO 4 ) and concentrated. The residue (153 mg) was subjected to column chromatography (silica gel H, 3 g), eluted with CHCl 3 -MeOH (18:1) to afford 5 (white amorphous powder, 84 mg, 59%) and 6 (white amorphous powder, 14 mg, 10%). 
Compound 5:
To a solution of compound 3 (135 g, 0.24 mmol) in HOAc-H 2 O (1:1, 5 mL) was added mCPBA (165 mg, 0.96 mmol). The mixture was refluxed for 2 h and cooled prior to being poured into ice water (5 mL). The solution was basified with conc. NH 4 OH solution to pH 10 and extracted with CHCl 3 (8 mL×3 (8 mL×3) . The extracts were dried (Na 2 SO 4 ) and concentrated to give a crude. The crude was dissolved in MeOH (5 mL), to which was added NaBH 4 (36 mg, 0.96 mmol). The solution was stirred at room temperature for 4 h. After removal of the solvent, the residue was diluted with water (5 mL). The subsequent mixture was extracted with ethyl acetate (4 mL×3), the extracts were dried (Na 2 SO 4 ), and the organic solvent was removed in vacuo. Chromatography of the residue (138 mg) on silica gel (4 g) using cyclohexane-acetone (6:1) as eluent afforded 7 (a white amorphous powder, 71 mg, 52%) and 8 (a white amorphous powder, 39 mg, 24%). 
